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The ob  jec  tive of the study pre  sented in this pa  per is the anal  y  sis of in  flu  ence of dif  fer  -
ent buildup fac  tor forms on a sim  u  lated ra  dio  graphic im  age. Sim  u  lated ra  dio  graphic
im  ages are ob  tained by means of the ray-trac  ing tech  nique. Scat  tered pho  tons are
mod elled us  ing the gen  er  ally ac  cepted geo  met  ric pro  gres  sion form, lin  ear form and
tab  u  lated data of buildup fac  tors. Sim  u  lated im  ages were com  pared to the ref  er  ence
re sults ob tained by Monte Carlo cal cu la tion. The best agree ment to Monte Carlo sim -
u  lated im  ages is achieved for the geo  met  ric pro  gres  sion form of buildup fac  tor.
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INTRODUCTION
Sim u la tion  of fers  pow er ful  means  of  choos ing
the most suit able com po nents and of pre dict ing the fu -
ture de vice per for  mance, by act  ing as a vir  tual ex per i  -
men tal  work ta ble.  Ra dio graphic  im ages  can  be  ob -
tained by sim  u  la  tion in short time and at low cost and
may en  able the be hav iour of the whole im  ag  ing sys  -
tem to be in  ves  ti  gated in com  plex sit  u  a  tions. It can
also be a pre  cious tool to study the abil  ity to de  tect
small le  sions, de  pend  ing on their size and po  si  tion in
the ob  ject of im  ag  ing (a pa  tient body). Sim  u  la  tion can
be  use ful,  when  de vel op ing  any  spe cific  im ag ing
setup, in choos  ing the best com  po  nents, op  ti  miz  ing
the  im ag ing  pa ram e ters  and  sav ing  time  by  re duc ing
the  num ber  of  ex per i men tal  tests.  Sim u la tion  also
pres  ents an im  por  tant po  ten  tial for test  ing the per  for  -
mance of im age pro  cess  ing pro  ce  dures in a vir tual en  -
vi  ron  ment, where all pa  ram  e  ters are fully con  trolled.
In  con trast  to  an  ex per i ment,  sim u la tion  pro vides  the
ca pa bil ity  of  ex am in ing  each  as pect  of  the  im ag ing
pro  cess sep a  rately. It can be used to in  ter  pret com  plex
stud ies by com par ing them to the cor re spond ing sim u -
la tion re sults. Sim u la tion can be also used as a di dac tic
tool  for  train ing  phy si cians  and  med i cal  tech ni cians.
Ra di a tion  trans port  mod el ling meth  ods used in
the ra  di  og  ra  phy sim  u  la  tion fall into one of two broad
cat e go ries:  sto chas tic  (Monte  Carlo)  and  de ter min is -
tic. Monte Carlo (MC) meth  ods are typ  i  cally the tool
of choice for sim  u  lat  ing X-ray im  age for  ma  tion, but
de ter min is tic  meth ods  of fer  po ten tial  ad van tages  in
com pu ta tional  ef fi ciency  for  many  com plex  im ag ing
prob lems.
MC meth  ods al  low the user to study the com  -
plete  phys ics  of  ra di og ra phy  (e. g. co  her  ent and in  co  -
her ent  scat ter ing,  flu o res cence,  brems strah lung, and
an ni hi la tion),  which  can not  be  ef fec tively  sim u lated
by de  ter  min  is  tic mod  els [1, 2]. Their ma  jor draw  back
is the huge time re quired for ex e cu tion on a sin gle pro -
ces sor  com puter.
For  prac ti cal  re search  and  clin i cal  ap pli ca tion
de ter min is tic  mod els  are  more  ap pro pri ate.  Among
them,  ray-trac ing  meth ods  and  an a lyt i cal  mod els  are
mostly used [3, 4]. They have less cal  cu  la  tion bur  den
than MC and have no prob  lem with sta  tis  tics, so that
the fast sim  u  la  tion of trans  mis  sion im  ages can be es  -
tab lished.  Pho ton  scat ter ing  and  re flec tion  in  med i cal
im ag ing en  ergy do main can be suc cess fully treated by
de ter min is tic  meth ods  [5,  6].
The  com bined  de ter min is tic  method  and  MC
method, known as a hy  brid sim  u  la  tion of the ra  dio  -
graphic pro  cess, is pro posed too [7, 8]. The ad van  tage
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chas  tic ap  proach is used.
In this pa per, the ray-trac ing method with the ex -
po sure dose buildup fac tor is ap plied to the sim u la tion
of a ra  dio  graphic im  age. The in  flu  ence of dif  fer  ent
buildup fac  tor forms on the im  age qual  ity is stud  ied.
MODEL
The pro  cess of the sim  u  la  tion of a ra  dio  graphic
im  age can be di  vided into four steps: the X-ray beam
gen er a tion,  beam  in ter ac tion  with  ma te rial,  de ter mi -
na tion  of  ma te rial  chem i cal  com po si tion,  and  con ver -
sion of the ex  po  sure dose to op  ti  cal den  sity in the im  -
ag ing  de tec tor.
The source of X-rays is a ra  dio  log  i  cal tube. The
spec tral  dis tri bu tion  of  emit ted  pho tons  is  an  im por tant
prop  erty of an X-ray beam. Be  side mea  sure ments, sev  -
eral com  puter codes have been pro  posed to de  ter  mine
pho  tons spec  trum [9]. The com  puter code XCOMP5R
is used in all cal cu la tions pre sented in this pa per [10]. It
al  lows the cal  cu  la  tion of the spec trum in en  ergy groups
(bends) that have width of 0.5 keV or 1 keV.
In par  ti  cle trans  port phys  ics, ray-trac  ing is a
method for cal cu  lat ing the par  ti cle path through a sys  -
tem with re  gions of vary  ing ab  sorp  tion and scat  ter
char ac ter is tics.  The  ray-trac ing  method  to gether  with
the X-ray at  ten  u  a  tion law are the ba  sis of the method
de  scribed in this pa  per.
The in flu ence of buildup fac tor forms on a sim u -
lated ra  dio  graphic im  age is the ob  jec  tive of the study
in this pa  per. The ex  po  sure dose of pho  tons’ buildup
fac  tors for point iso  tro  pic sources in an in  fi  nite ho  -
mog  e  nous me  dia is usu  ally used in a ra  di  a  tion pro  tec  -
tion anal y sis as a part of the point-ker nel method. They 
are  al ways  use ful  for  prac ti cal  cal cu la tions  in  a
gamma-ray shield de  sign. Prob  lems con  cern  ing the
deep pen  e  tra  tion of pho  tons through the mat  ter can be
suc  cess  fully treated by means of buildup fac  tors.
These fac tors are avail able for up to 40 mean free paths 
(mfp) and are re ferred to as ANS/ANSI-6.4.3 stan dard 
[11]. These data have been de vel oped for a large num -
ber of el  e  ments, but in  clude only three com  pounds or
mix  tures (wa  ter, con  crete, and air). The ma  te  ri  als not
in  cluded in the stan  dard data must be treated sep  a  -
rately [12].
Buildup fac  tors gen  er  ally de  pend on the source
and shield ge  om  e  try. The use of buildup fac  tors for
point  iso tro pic  sources  is  al most  al ways  con ser va tive
[13],  i. e. the es ti  mated dose is greater than the one for
the fi  nite me  dium.
Tab u lated val ues of buildup fac tors can be found
in a num  ber of sources. Af  ter that, buildup fac  tors are
in ter po lated  or  ex trap o lated  by  means  of  an  ap prox i -
ma  tion method in or  der to speed-up the cal  cu  la  tion.
Al  though some an  a  lysts pre  fer to use ta  bles taken di  -
rectly from the com  puter code, oth  ers pre  fer the an  a  -
lyt i cal (func tional) forms of buildup fac tors. The func -
tional forms, among oth ers, in clude lin ear, poly no mial 
(qua dratic), Tay  lor [14], Berger [14], and Harima [15]
for mu lae. The Harima for mula, as an ap proach of very
high ac cu racy, is well known as geo met ric pro gres sion 
(G-P) form of the buildup fac  tor.
There  is  a  num ber  of  an a lyt i cal  ex pres sions  that
have been used to rep  re  sent the buildup fac  tor B.
Among the most pop  u  lar were ex  pres  sions known as
Tay  lor’s form or Berger form of the buildup fac  tor.
These types of buildup fac tors are not ap pli ca ble to ra -
dio  graphic im  ag  ing stud  ies be  cause they do not cover
the en  ergy range of in  ter  est. For the state-of-the-art
buildup fac tor data, ex tended up to lower pho ton en er -
gies and deeper pen  e  trat  ing length, the ac  cu  racy of
these forms is not ac cept able for a low-Z ma te ri als and
low  en er gies.
Among sim  ple buildup fac  tor forms, the well
known lin  ear form
B E x kx ( , $) $ = + 1 (1)
is used in this study. The pa ram e ter k is of ten taken as a
con stant  (e. g., 0.3 to 1), but ac  tu  ally var  ies sig  nif  i  -
cantly with thick  ness and pho  ton en  ergy, and $ x is the
dis tance in mean free paths. In this pa per the value of  k
is se  lected to be 0.9.
It is clear now that the best avail  able form of the
buildup fac  tor is the G-P for  mula [15]. The G-P for  -
mula, for pho ton en er gies rang ing be tween 15 keV and 
15 MeV, is ex  pressed as
B E x b K K K
b x K
x
( , $) ( )( )/ ( ),
( ) $,
$
= + - - - ¹
+ - =
1 1 1 1 1
1 1
for
for 1
ì
í
î (2)
K x cx d
x X
($) $
tanh($/ ) tanh( )
tanh( )
= +
- - -
- -
a k 2 2
1 2
(3)
where $ x is the source-de  tec  tor dis  tance in mean free
paths, b is the value of the buildup fac  tor at one mean
free path, and K is the mul  ti  pli  ca  tion per mean free
path.  The  pa ram e ters    a,  c,  d, and Xk are fit  ting val  ues
which de  pend on the pho  ton en  ergy from the source.
The G-P form of the buildup fac  tor is the fa voured
choice be  cause the buildup fac  tors de  crease for large
dis  tances and do not in  crease ex  po  nen  tially as it oc  -
curred in the Berger form. It has a wider range of ap pli -
ca  bil  ity as com  pared to the lin  ear, Berger or Tay  lor
form.
The co  ef  fi  cients for the G-P buildup fac  tor for
wa ter that are used in cal cu la tions are pre sented in tab.
1.  Fit ting  func tion  pa ram e ters  for  22  ma te ri als  (el e -
ments and only three com  pounds and mix  tures) are
uti  lized in the form of data files in  cor  po  rated in
ANS-6.4.3 stan  dards.
The tab  u  lated val  ues of buildup fac  tors [17],
used in this study, are pre  sented in tab. 2.
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used in this study with re  spect to the buildup fac  tor is
the ap  pli  ca  tion of a sin  gle me  dium (wa  ter) buildup
fac tor  for  het er o ge neous  me dia.  This  as sump tion  is
based on the knowl  edge that hu  man body con  sists
manly of wa  ter.
The com  puter code XIMRAD is de  vel  oped
based on the model us  ing the ray-trac  ing method to  -
gether with the X-ray at  ten  u  a  tion law. A sin  gle beam
of pho  tons is emit  ted from the point source to  wards
ev ery  pixel  cen tre of the im  ag  ing de  tec  tor. Each beam
may in  ter  sect a cer  tain num  ber of meshes on the sam  -
ple sur  face or at the in  ter  faces be  tween dif  fer  ent parts
of the im  ag  ing ob  ject (fig. 1).
The  ex po sure  dose  DX,d with the buildup fac  tor
in a pixel of the de  tec  tor from a beam of X-rays is
D
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where Eg is the en  ergy of pho  tons in the en  ergy group
g,  qe = 1.6×10
–19 C and  wj = 34 eV is the en  ergy of the
ion  iza  tion of air. The value men,g
air is the air en  ergy ab  -
sorp  tion co  ef  fi  cient in the en  ergy group g, rair is the
den  sity of air, Qg is the source in  ten  sity, and B(Eg,
Simi,gDli) is the ex  po  sure dose buildup fac  tor. The
value  cosa = dd/dd, where dd is a nor  mal dis  tance be  -
tween the im ag ing de tec tor and the source and dd is the
dis  tance from the pixel cen tre to the source.
The pro  cesses of pho  ton de  tec  tion in im  ag  ing
de tec tors  are  ha bit u ally  mod elled in two steps. In the
first step, the en  ergy de  pos  ited in the ma  te  rial of the
de  tec  tor is de  ter  mined. The sec  ond one, spe  cific to
each type of a de  tec  tor, treats the phys  i  cal phe  nom  ena
in volved  in  the  pho ton  en ergy  ab sorp tion  trans for ma -
tion to mea  sur  ing quan  tity. In this pa  per, the ex  po  sure
dose  of  ra di a tion  in  an  im ag ing  de tec tor  is  con sid ered
only.
Be side  the  ge om e try  and  ma te rial  com po si tion
of the im ag ing ob ject, the size, po si tion and num ber of
pix  els of the im  ag  ing de  tec  tor can be se  lected in the
com puter code in put. The po si tion and spec trum of the 
pho ton  source,  ge om e try  ar range ment  of  the  setup
source-im ag ing ob ject-de tec tor are also de fined in the
com  puter code in  put.
MODEL VALIDATION
In or  der to study the buildup fac  tor form the in  -
flu  ence on the ra  dio  graphic im  age qual  ity, a se  ries of
nu mer i cal  ex per i ments  was  per formed.  In  fig.  2,  the
ra  dio  graphic setup (phan  tom) used in this study is
shown. It is formed by means of the sim  ple ge  om  e  try
(SG) model. The ob  jects are de  scribed by closed sur  -
faces  sep a rat ing  re gions  of  ho mog e nous  ma te rial.
Sev eral ob jects can be ar ranged in a vir tual scene com -
bined by sim  ple Boolean op  er  a  tors form  ing com  plex
parts.
The phan  tom is a wa  ter filled cyl  in  der with eight
spheres of dif fer ent ma te ri als and dif fer ent ra dii. For the 
phan  tom out  side sur  face, a cyl  in  der de  fined by means
of sur  face equa  tions (x/a)2 + (y/b)2 = 1, z = H/2, and z =
=j–H/2, where a = 5 cm,  b = 20 cm, and H = 44 cm is
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Table 1. G-P parameters for water [16]
E [keV] b c a Xk d
15 1.188 0.464 0.172 14.00 –0.0829
20 1.449 0.532 0.152 14.61 –0.0764
30 2.411 0.741 0.084 14.62 –0.0452
40 3.587 1.114 –0.018 12.48 0.0013
50 4.554 1.457 –0.084 13.69 0.0341
60 5.018 1.735 –0.127 13.70 0.0676
80 5.030 2.054 –0.167 13.84 0.0763
100 4.627 2.207 –0.184 13.27 0.0799
150 3.888 2.206 –0.180 14.27 0.0738
Table 2. Tabulated values of exposure dose buildup
factor (with bremsstrahlung) for water
 mfp
E [keV]
15 20 30 40 50 60 80 100 150
0.5 1.11 1.25 1.69 2.18 2.51 2.65 2.57 2.38 2.07
1 1.17 1.41 2.25 3.41 4.40 4.93 4.98 4.57 3.76
2 1.26 1.64 3.20 6.02 9.12 11.4 12.6 11.8 9.41
3 1.32 1.81 4.04 8.81 15.0 20.2 24.4 23.6 18.9
4 1.36 1.95 4.80 11.7 21.9 31.5 40.8 40.8 33.0
5 1.40 2.07 5.25 14.8 29.8 45.3 62.5 64.3 52.8
6 1.44 2.18 6.21 18.0 38.7 61.7 90 95.1 79.1
7 1.47 2.27 6.88 21.3 48.6 80.9 124 134 113
8 1.49 2.36 7.53 24.8 59.5 103 165 183 156
10 1.54 2.52 8.79 32.1 84.8 157 273 314 272
Fig  ure 1. Model geometrycho sen.  Ma te ri als,  the  com po si tions  of  which  is  taken
from  ICRU-44 Re  port [18], and the lo  ca  tion of the
spheres’  cen tres (xC, yC, zC) and spheres’ ra  dii are given
in tab. 3.
A  sin  gle  point  source, which  emits Q = 1×109
pho  tons,  was  lo  cated at  xQ = – 100 cm, yQ = 0,  and 
zQ= 0. In the first case of this study,  the  an  ode  tube 
volt  age was 60 kV and the an  ode ma  te  rial was tung  -
sten. The spec  trum of the emit  ted pho  tons af  ter fil  tra  -
tion through 3.5 mm tick alu  mi  num is shown in fig. 3.
In the sec ond case of the study, the an  ode tube volt age
was 80 kV. The spec  trum of the emit  ted pho  tons af  ter
fil  tra  tion through 3 mm thick alu  mi  num is shown in
fig. 3. In the third case of the study, the an ode tube volt -
age was 120 kV and the spec  trum of emit  ted pho  tons
af  ter fil  tra  tion through 12 mm thick alu  mi  num is
shown in fig. 3. In all cases the an  ode ma  te  rial was
tung sten  (W).
The im  ag  ing de  tec  tor lo  cated 10 cm from the
cen tre of the phan tom was di vided into 310 ´ 340 pix  -
els (each size 0.1 ´ 0.1 mm2).
As buildup fac  tors are cal  cu  lated for the in  fi  nite
me  dium, with the source and de  tec tor in side the ma  te  -
rial, a cor rec tion for the fi nite me dium must be done. In 
fig. 4, the cor rec tion di a gram can be seen, which is ob -
tained by MCNP5 sim  u  la  tion [19] and re  lates buildup
in the fi  nite and in  fi  nite me  dium ra  tio (BMC/BG–P) and
the en  ergy of pho  tons. For this pur  pose, the im  ag  ing
ob ject is re placed by a wa ter cyl in der of the equiv a lent
thick ness  and  ra dius,  keep ing  other  sim u la tion  con di -
tions un  changed. For low en  er gies, the ra  tio BMC/BG–P
is greater than one be  cause in the fi  nite me  dium and
with the de  tec  tor out  side the me  dium, the scat  tered
low en  ergy pho  tons in air are not ab  sorbed sig  nif  i  -
cantly as in the me  dium.
Fig  ure 5 shows the im  ages of the ex  po  sure dose
of the to  tal (di  rect plus scat  tered) ra  di  a  tion in the de  -
tec  tor in the case of the 60  kV  X-ray tube an  ode volt  -
age. In that fig  ure, the im  age for G-P form of the
buildup fac  tor and the im  age ob  tained by MC sim  u  la  -
tion can be seen.
The com par i son of the sim u lated im ages (for dif -
fer  ent forms of buildup fac  tors and MC sim  u  la  tion) is
shown in fig. 6 where the pro  files of doses of the to  tal
pho tons can be seen, cor re spond ing to the 85th col umn
of the im  ages from fig. 5 and the im  ages for tab  u  lated
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Fig  ure 2. Phantom
Table 3. Parameters of spheres
i xC,i yC,i zC,i Ri Material
1 0 –7 11 1.5 Bone cortical (ICRU-44)
2 0 –7 6 1.5 Air
3 0 –7 0 4.0 Adipose tissue (ICRU-44)
4 0 –7 –11 1.5 Muscle skeletal
5 0 7 10 1.5 Breast tissue (ICRU-44)
6 0 7 0 4.0 Soft tissue (ICRU-44)
7 0 7 –6 1.5 B-100 bone equivalent
plastic
8 0 7 –11 1.5 Lung tissue (ICRU-44)
Fig  ure 3. Spec  tra of X-pho  tons emit  ted from X-ray tube
at dis tance 1 m from tung sten an ode. Pho tons are fil tered 
through alu  minum fil  ter. An  gle was 17°  for all cases
Fig  ure 4. Ra  tio of buildup in fi  nite and in  fi  nite me  dium
(BMC/BG–P) as a func  tion of pho  ton en  ergydata and lin  ear form of the buildup fac  tor (not shown
in the pa  per).
In fig. 7 pro  files of the doses of the to tal pho tons
can be seen, cor  re  spond  ing to the 225th col  umn of the
im  ages from fig. 5 and the im  ages for tab  u  lated data
and lin  ear form of the buildup fac  tor.
From the fore go ing fig ures, it can be no ticed that 
good agree  ment to MC re  sults can be achieved in the
case of G-P form of the buildup fac  tor. The tab  u  lated
data re  sults and the lin  ear form of the buildup fac  tor
are a bit bel  low the val  ues of the MC re  sults.
Fig  ure 8 shows the im  ages of the ex  po  sure dose
of the to tal ra di a tion in the im ag ing de tec tor in the case
of the 80 kV  X-ray tube an ode volt age, tung sten an ode 
ma  te  rial, and the 3 mm thick alu  minum fil  ter.
The  com par i son  of  the  sim u lated  im ages  is
shown in fig. 9 where the pro  files of doses of the to  tal
pho  tons can be seen, cor  re  spond  ing to the 85th row of
im  ages from fig. 8, and the im  ages for the tab  u  lated
data and the lin  ear form of the buildup fac  tor.
In fig. 10, the pro  files of the doses of the to  tal
pho  tons can be seen, cor  re  spond  ing to the 225th col  -
umn of im ages from fig. 8 and the im ages for the tab u -
lated data, and the lin  ear form of the buildup fac  tor.
In the case of the  80 kV tube volt age the best re -
sults are ob  tained for the G-P form of the buildup fac  -
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Fig ure  5.  Sim u lated  ra dio -
graphic im  ages for G-P form of
buildup fac  tor (left) and MC
sim u la tion (right) for 60 kV tube
an ode  volt age
Fig ure 6. Ex po sure dose dis tri bu tions ob tained by dif fer -
ent forms of buildup fac  tors and MC sim  u  la  tion for 85
th
col  umn of pix  els in case of 60 kV
Fig ure 7. Ex po sure dose dis tri bu tions ob tained by dif fer -
ent forms of buildup fac tors and MC sim u la tion for 225
th
col  umn of pix  els in case of 60 kV
Fig ure  8.  Sim u lated  ra dio -
graphic im  ages for 80 kV tube
an  ode volt  age and G-P form of
buildup fac  tor (left) and MC
sim u la tion  (right)tor, again. The re sults for the lin ear form and tab u lated
data are bel low the val ues of MC re sults sig nif i cantly.
Fi nally, fig. 11 shows the im ages of the ex po sure
dose of the to tal ra di a tion in the im ag ing de tec tor in the 
case of the 120 kV X-ray tube an ode volt age, tung sten
an ode ma te rial, and the 12 mm thick alu minum fil ter.
The  com par i son  of  the  sim u lated  im ages  is
shown in fig. 12 where the pro  files of the doses of the
to  tal pho  tons can be seen, cor  re  spond  ing to the 85th
row of im ages from fig. 11 and the im ages for the tab u -
lated data and the lin  ear form of the buildup fac  tor.
In fig. 13 the pro  files of the doses of the to  tal
pho  tons can be seen, cor  re  spond  ing to the 225th col  -
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Fig ure 9. Ex po sure dose dis tri bu tions ob tained by dif fer -
ent forms of buildup fac  tors and MC sim  u  la  tion for 85
th
col  umn of pix  els in case of 80 kV
Fig ure  10.  Ex po sure  dose  dis tri bu tions  ob tained  by  dif -
fer  ent forms of buildup fac  tors and MC sim  u  la  tion for
225
th col  umn of pix  els in case of 80 kV
Fig ure  11.  Sim u lated  ra dio -
graphic im  ages for 120 kV tube
an  ode volt  age and G-P form of
buildup fac  tor (left) and MC
sim u la tion  (right)
Fig ure  12.  Ex po sure  dose  dis tri bu tions  ob tained  by  dif -
fer  ent forms of buildup fac  tors and MC sim  u  la  tion for
85
th col  umn of pix  els in case of 120 kV
Fig ure  13.  Ex po sure  dose  dis tri bu tions  ob tained  by  dif -
fer  ent forms of buildup fac  tors and MC sim  u  la  tion for
225
th col  umn of pix  els in case of 120 kVumn of im ages from fig. 11 and the im ages for the tab  -
u  lated data and the lin  ear form of the buildup fac  tor.
In the case of the  120 kV tube volt age the best re -
sults are ob  tained for G-P form of the buildup fac  tor,
again. The re sults for the lin ear form and the tab  u lated
data are bel low the val ues of MC re sults sig nif i cantly.
The ex  pected re  duc  tion of the im  age con  trast
with the in crease of the beam en ergy can be seen in the
fig  ures that show the dis  tri  bu  tions of the ex  po  sure
dose.
CONCLUSIONS
In this pa  per a sim  ple and flex  i  ble tool is pro  -
posed for sim  u  la  tion of ra  dio  graphic im  age, and a
com  puter code, based on this method, is writ  ten. By
means of the de  vel  oped com  puter code, the in  flu  ence
of dif fer ent pa ram e ters on the im age qual ity is in ves ti -
gated. This ap  proach is con  sid  er  ably faster than
proba bil is tic  meth ods  and  there fore  re quires  short
com pu ta tional  time  on  a  sin gle  pro ces sor  PC.
The com  par  i  son of re  sults achieved by the pro  -
posed ray-trac  ing method with G-P for the buildup
fac  tor to the ref  er  ence re  sults ob  tained by MCNP5
code shows full agree ment of the sim u lated im ages for
the en er gies of X-pho tons usu ally used in gen eral ra di -
og ra phy.
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Predrag  MARINKOVI]
STUDIJA  UTICAJA  OBLIKA FAKTORA  NAGOMILAVAWA  NA
SIMULIRANU  RADIOGRAFSKU  SLIKU
Ciq studije  prikazane u ovom radu je analiza uticaja razli~itih oblika faktora
nagomilavawa na radiografsku  sliku.  Simulirane  radiografske  slike  dobijene  su  pomo}u
tehnike  pra}ewa  zraka. Uticaj rasejanih fotona na sliku procewen je pomo}u faktora
nagomilavawa u vidu op{teprihva}ene geometrijske progresije,  linearne forme i tabeliranih
vrednosti. Simulirane slike upore|ene su sa referentnim rezultatima dobijenim Monte Karlo 
simulacijom.  Najboqe  slagawe  sa referentnim rezultatima ostvareno je u slu~aju primene
oblika faktora nagomilavawa u vidu geometrijske progresije.
Kqu~ne re~i: simulacija radiografske slike, Monte Karlo, faktor nagomilavawa, pra}ewe
jjjjjjjjj jjjjjjjjjjjjjzraka 